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(57) Abstract: A method for scrubbing a halogen-containing gas, comprises contacting the halogen-containing gas with water at 
Q a temperature of at least 30°C, the gas optionally subsequently being subjected to a finther treatment step comprising contacting it 

with water at a temperature of less than 30°C and/or a gas dilution step. An apftaratus for carrying out the method comprises a hot 
^ wash chamber (6) and optionally a cold wash chamber (7) and/or a gas dilution device (13). 
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Exhaust Gas Treatment 

This invention relates to the treatment (scrubbing) of 
exhaust gases and, more particularly, to the treatment of 
5 halogen or halogen- containing exhaust gases, for example, 
in the semiconductor industry. 

The removal of halogens from exhaust gases is widely . 
practised. The utilisation of, or generation of, fluorine 
in certain semiconductor processes has become increasingly 

10 common in recent years. However, fluorine is a very toxic 
substance, being an aggressive oxidising agent and having a 
threshold limiting value (TLV) of Ippm. 

Attempts to scrub fluorine with ambient temperature 
water - primarily to form hydrogen fluoride (HF) - have 

15 generally not bee.:.^ - sr^r . ' '\ in that fluorine reaction 

rates with watex' : v-ely slow and usually result in 

a high emission rate v.rom the wet scrubber. 

Attempts have been made to improve the efficiency of 
the wet scrubbing process, for example the dosing of the 

20 scrubber with sodium hydroxide (NaOH) or potassium 

hydroxide (KOH) but, although this produced a greater 
fluorine abatement, resulted in a very high conversion of 
the fluorine to oxygen difluoride (OF2) which is a very 
toxic by-product. 

25 As a further example, ammonia - both in gaseous form 

and as ammonium hydroxide - has been used as additive to 
the water scrubber. However, whilst a reduction in the 
fluorine content was found, the formation of ammonium 
fluoride occurs which is emitted in the form of a fine fume 

30 from the scrubber. 

In the semi conductor industry, fluorine containing 
species are used to clean the wafer making production 
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chamber after a film deposition step. Gases like SiH4 
(silane) and ammonia (NH3) may be used to deposit a film of 
silicon nitride on to the wafer. The cleaning step (NF3, 
F2 etc.) is used after several cycles of deposition have 
taken place. 

The downstream equipment, including vacuum pump and a 
gas abatement system, needs to be capable of handling both 
deposition and clean gases in turn. 

There is a need for an improved method/apparatus in 
which halogens, and especially fluorine, can be treated 
more efficiently and effectively so as to meet the 
increasingly stringent regulations regarding its disposal. 

The term **halogen" is used herein to include both 
molr?.:'ul.ar halogen and halogen compounds, including halides. 
* V w; \ : the term ''fluorine" is used herein to include 

:vc^^^cul3ix fluorine and fluorine compounds, including 
fiUj-rid6s. 

In accordance with the invention, there is provided a 
method of scrubbing a halogen-containing gas stream 
comprising contacting the gas stream with water at a 
temperature of at least 3 0**C. The water temperature may 
advantageously be at least 35**C. Preferably, the 
temperature of the water is not more than lOO^^C, more 
preferably from 35^C to 80*'C, for example 40 to 80*^0. 

The invention has particular application to the 
scrubbing of molecular fluorine (F2) . 

Increasing the temperature of the water in an F2 
scrubber might have been expected to result in an increase 
in the vapour pressure of the F2 in the gas {F2 (gas) ) , with 
the consequence that the rate of dissolution of F2 in the 
water (to give an F2 concentration of F2 (aq.)) would 
reduce. More particularly, it might have been thought. 
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based on the reduction in scrubbing efficiency observed at 
elevated temperatures in the scrubbing of acid species such 
as HF or basic species such as NH3 with pure water, that 
the rate limiting stip was dissolution of the fluorine, F2 
5 (gas) , in water: 

F2 (gas) F2 (aq.) 

The inventors have found that, surprisingly, the 
10 effectiveness of removal of the F2 from the gas is improved 
when warm water is used. It is believed that may be 
because at the temperatures of above 20''C used in 
accordance with the invention, reaction of the F2 with 
water according to the equation: 

15 

. F2 + H2O 2HF + ii02 

occurs readily- In consequence, F2 (aq.) is maintained 
relatively low, favouring a relatively high rate of uptake 
of F2 (gas) by the water. The competing reaction of F2 to 
form oxygen diflouride is favoured at low temperatures over 
the conversion to HF, but it has been found by the 
inventors that at elevated temperatures of 30 *C and above 
the reaction to give HF predominates. 

Heating of the water can be effected by traditional 
methods including immersion heaters within a hot sump in 
the scrubbing apparatus or on-line heaters in to the pumped 
flows. Whilst the method of the invention can be used for 
scrubbing any halogen gas, it may offer particular 
advantages in the scrubbing of fluorine-containing exhaust 
gases . 
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The water may be in the form of water vapour (or 
steam) with the halogen and steam being admixed in the 
process. The water may, if desired, include added 
ingredients to enhance the removal of halogen and other 
5 substances from the gas stream 

In a preferred embodiment, the process of the 
invention can include a hot stage and a cold stage. In the 
hot stage, the halogen gas will preferentially react with 
the hot water but the gas flow will tend to become 
10 saturated with water. In the sxobsequent second stage, 

there can be an effective removal of gases such as ammonia 
and, in reducing the gas temperature, that stage will cause 
a reduction in the entrained water vapour. 

It is generally known that, where silare is present in 
15 the exhaust gas, the provision of an ai.% *, V ; o./: stage is 
useful to prevent fire/explosion which^ i ■ added. to 

the inlet of a wet scrubber. However, this practice can be 
shown to reduce the capacity of the wet scrubber because it 
increases the volumetric flow rate and reduces the contact 
20 time in the scrubber of the gas(es) to be treated. 

Silane (SiH4) is a pyrophoric gas. Experience shows 
that if silane is present at > 2% in a gas stream it has 
the potential, on contact with air, to react to form: 

25 SiH4 + 2O2 Si02 + 2H2O + heat 

(air) 

By causing the air to mix with the silane-containing gas 
stream in a cyclone the larger particles formed by the 
30 reaction may be removed from the gas stream* 

Should the air addition to the silane-containing gas 
stream dilute the silane below its pyrophoric limit then 
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the gas will not further spontaneously react in a violent 
manner . 

It has been found with the process of the invention, 
in particular, that treating the silane by addition of air 
after the wet scrubbing stage allows for a lower mass flow 
and higher contact time for the halogen. A much higher 
mass of added air can therefore be included in the silane 
flow to ensure the safe oxidation of the silane and 
minimisation of the temperature rise resulting from the 
oxidation. Thus, the method of the invention may comprises 
at least one further treatment step, following the step of 
contacting with water at a temperature of at least 30 *C. 
The at least one further treatment step advantageously 
comprises a step of contacting the gas stream. with water at 
a temperature of lesr* ' 'rO^^ C, advantageously not more 
than 25°C,and prefer e.x.i / .^^.v-lV'^ore than 20*'C, and/or a step 
of diluting the gas stream with a diluent gas, preferably 
air. Where present, the dilution step may advantageously 
be carried out in a cyclone device. One suitable form of 
cyclone device is described in our European Patent 
Specification No. 1023932A. 

The invention also provides an apparatus for scrubbing 
a halogen from a gas stream, comprising a hot wash 
scrubbing chamber in which the gas stream can be contacted 
with a hot wash flow of water, a water supply device for 
supplying to said hot wash scrubbing chamber water at a 
temperature of at least 30**C, a source of a halogen- 
containing gas for supplying to said hot wash scrubbing 
chamber a gas stream containing the halogen and an outlet 
from said hot wash chamber for treated gas. The apparatus 
advantageously further comprises a cold wash scrubbing 
chamber downstream of said hot wash scrubbing chamber, a 
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cold water supply device for supplying to said cold wash 
chamber water at a temperature of less than 30 •C, a 
communication pathway for transport of the treated gas from 
the outlet of the hot wash chamber into the cold wash 
chamber, and an outlet for treated gas from said cold wash 
chamber. In one advantageous embodiment of the invention, 
the cold wash scrubbing chamber is arranged above the hot 
wash scrubbing chamber. 

For a better understanding of the invention, reference 
will now be made, by way of exemplification only, to the 
accompanying drawings, in which: 

Fig. 1 shows in schematic form an apparatus for 
carrying out one form of process of the invention; 

Fiq. ?.a is perspective view from above of a gas 
tro\r ^ - \r.gement for use in the apparatus of Fig. 1; 
and 

Fig. 2b is a side view of the arrangement of Fig. 2a. 

With reference to the drawing, apparatus of the 
invention comprises a body 1 having in the base thereof a 
water tank 2 divided in to two parts 3, 4 by means of a 
separator 5 . 

The part 3 acts as a water sump and is adapted to hold 
cold water, for example at IB^'C, and the part 4 also acts 
as a water sump and is adapted to hold hot water, for 
example at 3 5**C to 70**C. Part 4 comprises an outlet (not 
shown) for periodic withdrawal of water from the system. 
Part 2 comprises an inlet (not shown) for periodic 
introduction of fresh water. The tank 2 possesses 
electrical heater and control means (not shown) to maintain 
the water at these temperatures. Although not shown in the 
drawings, an insulating wall, which may be in the form of a 
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double wall enclosing an insulating air pocket, may be 
present between parts 3 and 4. 

Situated above the tank 2 within the body 1 is a two 
part packed tower having a lower part 6 and an upper part 
5 7. The lower part 6 has a perforate bottom wall 6a, 

through which water drains back into tank 2 , Upper part 7 
is separated from tower part 6 by a separation arrangement 
described below with reference to Fig. 2. The lower part 6 
and upper part 7 are filled with packings which provide 

10 distribution channels in each part for the flow of water 

therethrough (and in good contact therewith) independent of 
the other part including channels to allow the water to be 
returned to the tank 2. The packings are of a material 
having good chemical and thermal resistance, for example, 

15 polypropylene. A proprietary packing of polypropylene 
giving a void volume of approximately 80 to 90% of the 
total volume in each of tower parts 6 and 7 has been found 
to be particularly suitable in practice, although higher 
and lower void volumes may also be used. By way of 

20 illustration, the total volume of the parts 6 and 7 may be 
about 0-lm^ distributed in a ratio of 3 : 1 between the 
lower part 6 and upper part 7, although in practice a wide 
variety of different volumes and distributions may be used. 
Two pumps 8 and 9 are provided to pump water from the 

25 cold water tank part 3 and from the hot water tank part 4 
respectively in to the distribution channels of the upper 
packed tower upper part 7 and distribution channels of the 
packed tower lower part 6 respectively. 

An inlet 10 is provided in the body 1 for the entry of 

30 an exhaust gas stream in to the body 1. The inlet 10 is 
adapted by means not shown to provide a combined aqueous 
liquor and nitrogen gas **curtain" in water to prevent any 
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particulate blockage and/or liquor back- streaming towards 
the chamber in which the semiconductor processing is 
occurring . 

An outlet 11 is also provided in the body 1 for the 
5 exiting of gas stream from the body 1. 

A pipe 12 links the outlet 11 with a cyclone 13 in to 
which the gas stream flows. Any pyrophoric gas in the 
stream, for example silane, will be oxidised or heavily 
diluted with air provided by an air blower 14 depending on 
10 the silane concentration in the gas stream. Any 

particulates formed during oxidation (silicon oxides in the 
case of silane) can be collected at the base of the cyclone 
13 (and if appropriate drained in to the tank 2 via the 

tube 15) with the treated exhaust gases exitinq 'r-^^n the .^y^ 
15 cyclone 13 via the tube 16, Where partic"' ' » : rr: 

drained into the tank 2, those may in pare C' :^ r- - ^.x:'viclted 

with the water to tower parts 6 and/or 7. Fo : - w^^: -reason, . .y...^ 

the pumps 8 and 9 are preferably mechanical agitative pumps 

where the particulates are returned to tank 2, As a 
20 result, any large particles or agglomerates will be broken 

up by the pumps and the resulting small particles can flow 

in suspension through the tower with little or no 

deposition occurring . 



arranged plates, comprising lower plate 14 and upper plate 
15. Lower plate 14 forms, in use, the top wall of tower 
lower part 6 and the bottom wall of tower upper part 7 and 
30 has a multiplicity of risers 16 which provide communication 
passageways for the gas from the lower side of plate 15, 
that is, from tower part 6, into the tower part 7. Upper 



Referring to Fig, 2, a separation arrangement for 
25 dividing tower parts 6 and 7 is shown. The separating 
arrangement comprises two vertically spaced, coaxially 
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plate 15 is supported in the tower by support means (not 
shown) such that it is spaced from the lower plate 14 by a 
distance greater than the height of the risers 16, 
providing for a clearance between the upper extremity of 
5 each riser and the bottom surface of plate 15. Upper plate 
is perforated by circular apertures 17, the location of the 
perforations being such that they are not in register with 
the risers 16. The diameter of apertures 17 is preferably 
lower than the internal diameter of risers 16. For 

10 example, the apertures 17 may have a diameter of about 16mm 
and the risers 16 an internal diameter of about 25mm. A 
drainage outlet (not shown) is provided for removal of 
water collecting on the top surface of the plate 14. That 
water, the temperature of wh? 'ti'i will typically have been 

15 increased slightly durin::' : .t ! ./.rough upper part 7, is 
returned via a conduit \..-'^,:-'^'::^^:^r.^r. Zo ta^ 4 . The 
separation arrangement, permi^'a .-.:he gas stream to pass 
upwards from part 6 into part 7 whilst water penetration 
from upper part 7 into part 6 and entry of the packing into 

20 the risers 16 (which could hinder passage of the gas) is 
substantially prevented. 

In use of the apparatus shown in the drawings, an 
exhaust gas stream is pumped from the semiconductor 
processing chamber (not shown) by means of one or more 

25 vacuum pumps (not shown) in to the inlet 10 and thence in 
to the tower lower part 6 of the packed tower where it 
contacts the hot water pumped through the distribution 
channels formed in the packings thereof by means of the 
pump 8. The water flowing through tower lower part 6 

30 returns to the tank 2 via the perforations in the bottom 
wall of tower part 6, 
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The distribution channels in the tower are such that 
the exhaust gas steam can then enter the distribution 
channels of the upper part 7 of the tower when it contacts 
the cold water pumped therethrough by means of the pump 9- 

The main purpose of the tower lower part 6 of the 
packed tower is for the removal of fluorine by contact with 
the hot water and of any particulates entrained in the 
stream. The remaining gases in the stream then pass in to 
the upper part 7 of the packed tower where residual gases 
including ammonia are scrubbed by contact with the cold 
water. 

The resulting gases then pass to the cyclone 13 for 
treatment as described above. Periodically, a proportion 
of the wat^-r is drained from the system and replaced. That 
is dor,f; . M'. c; % Li 4ug approximately 25% of the water from 
tank* V,/ - y.^^ing a corresponding amount of water from 

tank 3 to. ::, '-x:: 4, and introducing fresh water into tank 3 
to replace the removed water. 
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Claims 

1. A method of scrubbing a halogen-containing gas stream, 
comprising contacting the gas stream with water at a 
temperature of at least 30 'C. 
5 2. A method according to claim 1, in which the gas stream 
is contacted with water at a temperature of at least 3 5 °C. 

3. A method according to claim 1, in which the water is 
in the liquid phase. 

4. A method according to claim 1, in which the gas stream 
10 is contacted with water vapour. 

5. A method according to any one of the preceding claims, 
in which the gas stream is contacted with water at a 
temperature of from 35 "C to 80 "C. 

6. A method according to any one of the preceding claims, 
in which, following said contact with water at a 
temperature of at least 30 /C, the gas stream is subjected, 
to at least one further treatment step. 

7. A method according to claim 6, in which said at least 
one further treatment step comprises contacting the gas 

20 stream with water at a temperature of less than 30 *C. 

8. A method according to claim 6, in which said at least 
one further treatment step comprises diluting the gas 
stream with a diluent gas. 

9. A method according to claim 6, in which the at least 
25 one further treatment step comprises a step in which the 

gas stream is contacted with water at a temperature of less 
than 30 "C and, thereafter, a step in which the gas stream 
is diluted with a diluent gas. 

10. A method according to claim 8 or claim 9 in which the 
30 gas stream is contacted with the diluent gas in a cyclone 

device . 
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11. A method of scrubbing a halogen- containing gas stream, 
comprising contacting the gas stream with water, 
subsequently treating the gas stream in a cyclone device in 
which it is diluted with a diluent gas stream and 

5 withdrawing separately from the cyclone device solid 
particulate material and a treated gas stream. 

12. A method according to claim 11, in which the 
temperature of the water is maintained at less than 30*'C. 

13. A method according to anyone of claims 8 to 13, in 
10 which the diluent gas is air. 

14. A method according to any one of the preceding claims, 
in which the halogen-containing gas stream is an exhaust 
gas from semiconductor manufacture. 

15. A method according to any one of the preceding r'laims, .^^a^;., ^ 
15 in which in the or each water- contacting step • ? : 

stream is arranged to be in generally countex f - 
relationship with the water. 

16. A method according to claim 16, in which in the or 
each water-contacting step the gas stream is caused to flow 

20 in a generally upward direction and the water is caused to 
flow in a generally downward direction. 

17. A method according to any one of the preceding claims, 
in which the halogen- containing gas stream is a fluorine - 
containing gas stream. 

25 18. An apparatus for scrubbing a halogen from a gas 

stream, comprising a hot wash scrubbing chamber in which 
the gas stream can be contacted with a hot wash flow of 
water, a water supply device for supplying to said hot wash 
scrubbing chamber water at a temperature of at least 30^*0, 

30 a source of a halogen- containing gas for supplying to said 
hot wash scrubbing chamber a gas stream containing the 
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halogen, and an outlet from said hot wash chamber for 
treated gas . 

19 • An apparatus according to claim 18, further comprising 
a cold wash scrubbing chamber downstream of said hot wash 
5 scrubbing chamber, a cold water supply device for supplying 
to said cold wash scrubbing chamber water at a temperature 
of less than 30 ""C, a communication pathway for transport of 
the treated gas from the outlet of the hot wash chamber 
into the cold wash chamber, and an outlet for treated gas 
10 from said cold wash chamber, 

20. An apparatus according to claim 19 or claim 20, 
further comprising a gas dilution unit in which the treated 
gas can be diluted with a diluent gas. 

21. An apparatus according to any one of claims 18 to 20, 
15 in which the source is a sower > .:rr* . ::\v:vrine- containing gas. 
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